Introduction
Cervical cancer is the most common gynecological tumor and the leading cause of cancer-related death with 275,000 deaths annually worldwide. 1 According to the American Cancer Society, an estimated 12,820 new cases will be diagnosed and 4,210 women will die of cervical cancer in 2017. 2 Squamous cervical cancer (SCC), the predominant histological type, represents approximately 75-80% of all cervical cancers. 3 With widespread implementation of screening and early treatment of precancerous lesions, the overall incidence of cervical cancer has declined worldwide and a high survival rate is associated with early diagnosis. 4, 5 Although previous studies tended to evaluate the incidence of cervical cancer in those of different ages, race, or socioeconomic status (SES) or to focus on the outcome of racial disparities, 6 -10 data
Classification of SCC patients over the 3 decades
All data were accessed from SEER*Stat version 8.3.2.
Patients were evaluated using the third edition of the International Classification of Diseases for Oncology (site ICD-O-3 = cervix uteri, codes C53.0-C53.9, squamous carcinoma histology codes 8050-8089). 7 The incidence and relative survival data were analyzed for the period from 1983 to 2012 after being divided into 3 decades. The cases reported through death certificates or diagnosed by autopsy were excluded. Additionally, patients with SCC were stratified by age, SES, and race (White, Black, and others). 7 Age groups were categorized as 0-24, 25-39, 40-54, 55-69, and 70+ years, and area SES was defined by the county poverty rate, which was categorized into three levels using the same cut points used in the National Cancer Institute monograph: <10% (low-poverty areas), [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .99% (medium-poverty areas), and ≥20% (high-poverty areas).
12,13

Statistical analyses
Incidence was expressed per 100,000 population and ageadjusted to 2000 US standard population. Cancer patient survival was typically defined as the time from diagnosis until death. Relative survival is a net survival measure representing cancer survival in the absence of other causes of death. Relative survival is defined as the ratio of the proportion of observed survivors in a cohort of cancer patients to the proportion of expected survivors in a comparable set of cancer-free individuals. Period analysis methodology was applied to calculate the relative survival rate (RSR), which measures mortality attributable, either directly or indirectly, to SCC. Survival difference was compared by Kaplan-Meier survival analysis, and the association of survival with age, race, and SES was assessed via Cox regression analysis and Spearman's rank correlation analysis using the STATA software (version 12.0; Stata Corp, College Station, TX, USA). For Cox regression and Spearman's rank correlation analysis, only White and Black cases were selected due to the racial heterogeneity of other races, and medium-and high-poverty groups were mixed into a mediumhigh-poverty group. All statistical tests were two-sided, and a p-value of <0.01 was considered statistically significant.
Ethical approval
This article does not contain any studies with human participants or animals performed by any of the authors. The SEER research data include the fields and variables that SEER has made available to the public with a signed SEER data-use agreement form. A signed SEER research data agreement form is required to access the SEER data.
Results
Trend in incidence of SCC during 1983-2012
Data of 21,933 patients with SCC diagnosed during 1983-2012 were extracted from the original 9 registry sites. The overall incidence of SCC gradually decreased from 7.3 to 5.6 to 4.1 per 100,000 people over the past 3 decades, and a similar tendency was seen in all age groups except for the 0-24 age group, where the incidence of SCC remained stable, with 0.2 per 100,000 people in the last 2 decades. Additionally, the number of patients with SCC continually decreased over time as the general population grew. However, the peak age for the incidence of SCC occurred in the 55-69 age group with 13.3 per 100,000 people in the first decades, while the 40-54 age group served as another incidence peak with 9.8 per 100,000 people and 7.3 per 100,000 people in the last 2 decades, respectively ( Figure 1A and B, 
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Trend in relative survival in squamous cervical cancer
Incidence of SCC varied across race and SES groups
Racially, Whites showed the lowest incidence in the first 2 decades (6.6 in 1983-1992 and 5.2 in 1993-2002) . In the last decade, Whites and others shared similar SCC incidence with 3.8 per 100,000 people. Additionally, the highest incidence of SCC was found in Blacks at 12.8, 9.0, and 6.0 per 100,000 people in the 3 decades, respectively. However, the incidence difference between Whites and Blacks narrowed from 6.2% to 3.8% to 2.1% over the 3 decades due to a more rapidly declining SCC incidence in Blacks ( Figure 1C and D). The SCC incidence across the three SES groups decreased over the 3 decades, with the lowest incidence in the low-poverty group (from 6.3 in 1983-1992 to 5.0 in Table S1 ). 
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Relative survival changed during 1983-2012
A total of 45,386 SCC cases were identified between 1983 and 2012 from 18 registry sites. The sample size of the 0-24 age group was only 613 during 1983-2012; hence, we did not include it in the study ( Figure S1 ). The median survival of patients with SCC improved from 189 months to 231 months in the first 2 decades and was not reached in the third decade, with the 10-year relative survival rate (RSR) changing from 66.8% to 71.2% to 67.4% across the 3 decades, respectively. Unimproved survival trends in the last decade were also noted in all age groups (Table 2, Figure 2A ). Additionally, Kaplan-Meier survival analyses showed survival changes in all age groups with P = 0.168 ( Figure 2B ). Furthermore, Cox regression analyses during the 3 decades indicated that age, race, and SES were independent predictors of prognosis. Hazard ratios for age, race, and SES were larger than 1, suggesting that older age, Black race, and medium-high-poverty group were associated with inferior survival across the 3 decades. Additionally, when the overall patients were classified by the 3 decades, age, race, and SES were significantly associated with survival over the 3 decades (Table 3) .
SCC survival varied across races and SES groups
Whites had a significantly higher 5-year RSR compared to Blacks between 1983 and 1992 (70.5% vs 58.9%). The survival gap between Whites and Blacks narrowed in the second decade (72.4% vs 62.4%, P < 0.0001) and continued to narrow in the third decade. A similar narrowing over time was also found in the 10-year RSR ( Figure 3A , Table S1 ).
When 5-year and 10-year RSRs were analyzed, the highest RSR was consistently observed in the low-poverty group, with the lowest in the high-poverty group ( Figure 3B ). The 5-year RSRs in the low-poverty, medium-poverty, and highpoverty groups in 1983-1992 were 71.6%, 66.5%, and 65%, respectively, with differences of 5.1% between the low-and medium-poverty groups and 1.5% between the medium-and high-poverty groups. The survival differences declined to 4.3% and 3% between the low-and medium-poverty groups, respectively, in the last 2 decades, but increased to 4.3% between the medium-and high-poverty groups in 2003-2012. A similar survival gap tendency among the three SES subgroups was also observed in the 10-year RSR (Table S2) .
Notably, different SES distributions existed between Whites and Blacks. Unlike Blacks, the majority of Whites were classified in the low-poverty group (24.4% vs 57.9%), while the majority of Blacks were classified in the mediumpoverty group (75.1% vs 38.0%; Figure S2 , Table S3 ). Kaplan-Meier survival analysis showed that survival significantly differed in Whites and Blacks (P < 0.0001) but the gap in survival continually narrowed over the 3 decades. A similar tendency was also found in the Kaplan-Meier survival analysis of the three SES subgroups in the 3 decades ( Figure 3C and D).
Discussion
Our findings suggested that the overall incidence of SCC has declined in 3 decades between 1983 and 2012, and the median survival improved from 189 months to 231 months in the first 2 decades and was not reached in the third decade. However, relative survival associated with SCC did not significantly improve in the last decade. Additionally, the survival gaps narrowed from 13% to 8% between Whites and Blacks and from 5.4% to 3.5% between low-and medium-poverty groups in the 3 decades.
We demonstrated that the overall SCC incidence declined from 7.3 to 5.6 to 4.1 per 100,000 people in the 3 decades, 
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Trend in relative survival in squamous cervical cancer and a decreasing tendency was seen in each age group except for the 0-24 age group, where the incidence of SCC remained stable in the third decade. To the best of our knowledge, human papilloma virus (HPV) infection is the most important factor that results in SCC, especially HPV-16 and HPV-18. 14 As people's understanding of the etiology of SCC and improvements in lifestyle increased, the overall incidence of SCC substantially decreased. In particular, more women have benefited from the cervical cancer vaccine, which became available in 2006.
We observed that the median survival of patients with SCC increased from 189 months to 231 months in the first 2 decades and was not reached in the third decade. In addition, the relative survival was longer in 1993-2002 than in 1983-1992 and showed a survival advantage compared with that in 2003-2012. The shift in patient clinical characteristics may be responsible for the unimproved survival in the last decade. First, population aging was found in patients with SCC due to the growing proportion of elderly patients and decreasing proportion of younger patients across the 3 decades. Second, an increased life expectancy and wide access to modern imaging techniques in developed countries might be, at least partially, responsible for the observed increase in advancedstage cancer patients with a worse prognosis. Third, despite improvements in screening and preventive modalities, many patients with SCC lacked enough knowledge of screening or regular screening. Moreover, more and more women were under severe social-and work-related stress and decreased physical activities. These risk factors might contribute to the unimproved treatment outcomes.
Racially, Blacks had a higher incidence of SCC compared with Whites and others, but the incidence gap between Blacks and Whites continued to narrow due to a rapidly declining incidence of SCC in Blacks over the 3 decades. Our data also showed higher 5-year and 10-year RSRs in Whites than in Blacks, with the gap constantly narrowing over time across the 3 decades. In terms of SES, the highest SCC incidence was shown in the high-poverty group, while the lowest was in the low-poverty group. Additionally, the low-poverty group showed higher survival than the medium-and high-poverty groups, but the survival gap between the low-and mediumpoverty groups continued to narrow across the 3 decades. When stratified by SES, most Whites were defined as low poverty, while most Blacks were defined as medium poverty. The SES disparity between Whites and Blacks may explain the similar changes in the incidence and survival between them. With improvement in the health care system, Black patients with low finances may also have access to better medical consultation and the possibility of timely SCC treatment.
Cox regression analyses for 1983-2012 illustrated that age, race, and SES were the independent predictors of prognosis. When Cox analysis was performed for the 3 decades, SES and race were significantly associated with survival, which indicated that SES, which contributes to the social and economic standing of an individual, has become increasingly critical for disease prognosis with timely and effective treatment resources. Additionally, racial composition plays an important role in the prognosis. 15 Notably, we analyzed the incidence, relative survival, and their tendencies across the 3 decades from the SEER 
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Wu et al Figure 3 The 5-year and 10-year RSRs according to race (A) and SES/county-level poverty rates (B), and Kaplan-Meier survival analyses according to race (C) including White (orange), Black (blue), and others (black), and SES/county-level poverty rates (D) in low-poverty (orange), medium-poverty (blue), and high-poverty (black) for patients with SCC at 18 SEER sites from 1983 to 2012. Abbreviations: RSRs, relative survival rates; SCC, squamous cervical cancer; SEER, Surveillance, Epidemiology, and End Results. 
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Trend in relative survival in squamous cervical cancer database, but this study was limited by the observation that the data reflected the specific SEER registries, which were not applied in other regions. Furthermore, the study may be affected by sources of bias or error, such as under-registration, misclassification of cases, and variation of SES within and over counties.
16
Conclusion
This study showed an improvement in the incidence and median survival associated with SCC over the 3 decades. However, relative survival did not significantly improve in the last decade, indicating a pressing need for the development of accurate diagnostics and novel and effective treatments. Furthermore, the incidence and survival gap between races and various SESs continued to narrow over time, indicating that an increasing improvement in the health care system was of importance to eliminate the disparities between races and SES groups, as confirmed in the study. 
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